N-cadherin adhesion has been reported to enhance cancer and neuronal cell migration either by mediating actomyosin-based force transduction or initiating Fibroblast Growth Factor Receptor (FGFR)-dependent biochemical signalling. Here we show that FGFR1 reduces N-cadherin-mediated cell migration. Both proteins are co-stabilised at cell-cell contacts through direct interaction. As a consequence, cell adhesion is strengthened, limiting the migration of cells on N-cadherin. Both the inhibition of migration and the stabilisation of cell adhesions require the FGFR activity stimulated by N-cadherin engagement. FGFR1 stabilises N-cadherin at the cell membrane through a pathway involving Src and p120.
Introduction
Cell adhesion and migration are central processes in morphogenesis, wound healing and cancerogenesis. Cells adhere and migrate on extracellular matrices thanks to their integrin receptors 23 . Many cells such as border cells in the Drosophila egg chamber 58 , neuronal precursors 25, 39 or cancer cells also adhere and migrate on the plasma membrane of the adjacent cells. In this case, cell migration is mediated by cadherins which physically hold cells together 43 . Changes in expression or function of cadherins have major impacts on cell migration during neural development 59, 62, 70 and tumour cell invasion 28, 74, 76 .
Cadherins are the homophilic ligands of Adherens Junctions (AJ) involved in the cohesion of solid tissues 47 . Cadherins provide anchorage between neighbouring cells thanks to their interaction with the contractile actomyosin network via catenins 46 . E-cadherin is required for epithelial cell cohesion 21 and is recognised as a tumor suppressor 28, 73 . N-cadherin, the neuronal cadherin, although required for the cohesive interaction of neuroepithelial cells 26 , mediates weaker cell-cell adhesion and is also associated with physiological and pathological cell migration in a large range of tissues 16, 51, 65 . N-cadherin ensures weak adhesion between post-mitotic neurons and radial glial cells allowing radial neuronal migration 17, 25 . Its active endocytosis and turnover maintain proper steady-state level of N-cadherin at the cell surface allowing the effective locomotion of neurons 25 . It is also required for long distance migration of tangentially migrating interneuron precursors 39 . Moreover, N-cadherin stimulates neurite outgrowth 2, 3, 37, 42, 77 in vitro. Two pathways have been involved: (i) the mechanical coupling of cadherins to actomyosin cytoskeleton, which generates the traction forces necessary to propel the growth cones 2, 19 and (ii) the activation of FGFR-dependent biochemical signalling cascades 4, 77 .
FGFRs belong to the family of single pass transmembrane Receptor Tyrosine Kinases.
Binding of their ligands, FGFs, triggers intracellular signalling cascades playing key roles during development and pathogenesis 36, 45 . Loss of expression of FGFR1 in mice disrupts the migration of epidermal cells from the primitive streak. This phenotype can be rescued by down-regulating E-cadherin-mediated intercellular adhesion 10, 11, 15, 79 . In Drosophila, the migration of tracheal cells requires FGFR signalling, which regulates cytoskeletal reorganisation 8, 35, 54 .
Dysfunctions of N-cadherin and FGFRs both induce pathological migrations that are most visible in cancers. N-cadherin upregulation correlates with increased motility and invasiveness of dysplastic cells in melanoma 38 , bladder 61 , prostate 31 , lung 49 or breast 5 cancers 48 . Mutations in FGFRs are associated to pancreatic, endometrial, bladder, prostate, lung and breast cancers 57, 75 . Literature reports on a synergistic action between N-cadherin and FGFRs in the regulation of epiblast stem cells pluripotency 67 , ovarian cells survival 71 and osteogenic cells differentiation 13 . Overexpression of N-cadherin in mEpiSC cells prevents the downregulation of FGFR at the plasma membrane after FGF2 addition 67 . FGF and N-cadherin maintain granulosa and ovarian cells viability in vitro by stimulating FGFR phosphorylation 71 . The expression of a constitutively active form of FGFR increases the expression of N-cadherin reinforcing cell-cell adhesion in human osteogenic cells 13 . A functional relationship between FGFR and N-cadherin has been reported during neurite outgrowth 4, 77 . FGFR and N-cadherin co-cluster and interact at the surface of neuronal cells 4, 72 . The expression of a dominant negative FGFR inhibits neurite growth stimulated by Ncadherin 5 . In breast cancer cells, N-cadherin overexpression increases cell migration 22 . Ncadherin prevents FGFR from undergoing ligand-induced internalisation, resulting in FGFR stabilisation at the plasma membrane and sustained FGFR signalling 64 . In human pancreatic cancer xenografts, inhibition of FGFR leads to a decrease in N-cadherin expression and cell invasion 66 . Altogether, these data suggest that N-cadherin and FGFR synergise to generate signals that regulate the migratory behaviours of normal and cancer cells.
Little is known however about the combined effects of N-cadherin and FGFR activities on cell adhesion and migration. To dissect the reciprocal interplay between FGFR1 and N-cadherin, we expressed both receptors in HEK cells and analysed the consequences on N-cadherin-dependent cell adhesion and cell migration using a single cell migration model on N-cadherin coated lines. Both proteins are co-recruited and co-stabilised at cadherin-mediated cell contacts through direct interaction of their extracellular domains. As a consequence, Ncadherin-mediated cell contacts are strengthened, limiting the migration of cells on Ncadherin coated surfaces. Both the inhibition of N-cadherin-mediated migration and the stabilisation of N-cadherin at cell contacts require FGFR activity, which is itself stimulated by N-cadherin engagement. We further show that FGFR1 stabilises N-cadherin at the cell membrane by decreasing its internalisation. FGFR1 expression triggers an increase of activated Src but does not affect significantly the phosphorylated p120 catenin on tyrosine 228. However, both p120 and Src are involved in the stabilisation of N-cadherin at cell-cell contacts and in the negative regulation of N-cadherin-mediated migration induced by FGFR1.
Moreover, FGFR1 stimulates the anchoring of N-cadherin to actin. Finally, we found that the migratory behaviour of cells depends on an optimum balance between FGFR-regulated Ncadherin adhesion and actin dynamics.
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Results
FGFR1 expression inhibits N-cadherin-mediated cell migration
To study single N-cadherin-mediated cell migration and the impact on this migration on Fibroblast Growth Factor Receptor 1 (FGFR1), we developed a model in which isolated Ncadherin transfected (Ncad cells) and N-cadherin/FGFR1 double transfected HEK cells (Ncad/FGFR cells) were allowed to adhere and migrate on 10 µm width Ncad-Fc-coated stripes, in the absence of exogenously added FGF (Fig. 1A, Video 1) . Both Ncad and Ncad/FGFR cells adhered to the surface while untransfected HEK cells did not (data not shown). Ncad cells migrated efficiently covering a total displacement up to 400 µm over 20 hours with very few inversions of direction of migration, while Ncad/FGFR cells were almost stationary ( Fig. 1B-E) . Treatment of Ncad/FGFR cells with PD173074, a FGFR kinase inhibitor, restored the migratory behaviour of Ncad/FGFR cells close to that of Ncad cells ( Fig.1A-E) , indicating that the inhibition of N-cadherin-mediated migration by FGFR1 requires the receptor kinase activity. This effect is specific to N-cadherin mediated adhesion, as we observed that the expression of FGFR1 did not impact on the migration of Ncad expressing cells on fibronectin coated surfaces (data not shown). Moreover, we verified that the blockade of FGFR activity strongly increased the migration of cells endogenously expressing N-cad and FGFR, i.e., C2C12 mouse myoblastic, U2OS human osteosarcoma and 1205Lu human metastatic melanoma (Fig. S1) , that otherwise only moved at a similar speed as Ncad/FGFR HEK cells. Altogether these data indicate that FGFR1 strongly impairs the migration of cells on N-cadherin in a process depending on its kinase activity, but in the absence of exogenous FGF. Accordingly, further experiments were all performed in the absence of FGF.
Ncad/FGFR cells were more spread than Ncad cells, a trend that was reverted in the presence of the FGFR inhibitor (Fig. 1C, Video 1) . The mean spreading area of Ncad/FGFR cells of 764.7 ± 24.9 µm 2 was reduced to 562.6 ± 10.6 µm 2 in the presence of the inhibitor, which is close to the values measured for Ncad cells (302.8 ± 13.4 µm 2 ). Plotting the mean cell speed as a function of cell area confirmed an inverse correlation between these two parameters: the more the cells spread on N-cadherin, the slower they migrate (Fig. 1F) .
Ncad/FGFR cells displayed an extensive spreading and a reduced migration speed. Thus, the reduced migration of FGFR1 expressing cells could result from a strengthening of cadherinmediated adhesion on the Ncad-Fc coated lines.
N-cadherin and FGFR1 are co-stabilised at cell-cell contacts
We hypothesised that FGFR1 increases N-cadherin-mediated cell-cell adhesion by affecting the dynamics of junctional N-cadherin. To test this hypothesis, we performed dual wavelength FRAP (Fluorescence Recovery After Photobleaching) experiments at cell-cell contacts of cells expressing DsRed-Ncad or GFP-FGFR1 (alone) or both, in the absence of added FGF ( Fig. 2A, B ). Expressed alone, N-cadherin displayed a mobile fraction at the cellcell contacts of 61.3 ± 2.7 %. Coexpression of FGFR1 decreased this value to 38.2 ± 3.4 % while treatment with the FGFR inhibitor restored N-cadherin mobile fraction level (62.3 ± 2.3 %) close to that of Ncad cells. Expression of N-cadherin also significantly decreased the mobile fraction of junctional FGFR1 (Fig. 2C) . Similar experiments were performed using mCherry-tagged E-cadherin (mCherry-Ecad) instead of DsRed-Ncad, revealing that the Ecadherin expression did not affect the dynamics of FGFR1 at cell-cell contacts (Fig. 2C ).
FGFR1 expression did not modify the mobile fraction of E-cadherin at cell-cell contacts (Fig.   2D ). Thus, FGFR1 and N-cadherin specifically co-stabilise each other at N-cadherin-mediated contacts. This co-stabilisation may lead to the strengthening of N-cadherin adhesion, which may explain the increased spreading of cells on Ncad-coated lines upon FGFR1 expression.
FGFR1 stimulates junctional N-cadherin accumulation and strengthens cell-cell contacts
To confirm the strengthening effect of FGFR1 on N-cadherin-mediated adhesion, we quantified the accumulation of N-cadherin at cell-cell contacts in cell monolayers. Cell-cell contacts accumulated more N-cadherin and were straighter for Ncad/FGFR than for Ncad cells (Fig. S2A) . FGFR inhibitor treatment inhibited the effect of FGFR1 on both the straightness and junctional accumulation of N-cadherin, indicating that the kinase activity of the receptor is required for the strengthening of N-cadherin-mediated cell contacts.
Accordingly, analysing N-cad distribution at cell-cell contacts in cell doublets grown on fibronectin-coated lines, as well as in suspended cell doublets, revealed an increased accumulation of junctional N-cadherin in the presence of FGFR1 (Fig. S2B, S3 ).
To determine the impact of this junctional N-cadherin stabilisation on cell-cell contact stability, we followed by live imaging the disassembly of cell-cell contacts upon chelation of Ca 2+ ions in cell monolayers (Fig. 3A) . Quantitative analysis of cell-cell contact life-time following Ca 2+ depletion indicated that Ncad cells were dissociated in 2 minutes while it took almost 6 minutes to dissociate Ncad/FGFR cells. This cell-cell contact stabilisation was prevented by FGFR activity inhibition. Notice that the inhibitor had no effect on the dissociation of intercellular contacts of Ncad cells. To test more directly the effect of FGFR1 on the strength of N-cadherin-mediated adhesion, we probed the response to force developed at contacts between Ncad-Fc-coated magnetic beads and Ncad or Ncad/FGFR cells. Beads were left to interact with the cell surface for 30 minutes, before being probed for displacement under force by approaching a magnetic rod. After calibration, one can estimate the actual forces at which the N-cadherin-mediated adhesions between the bead and the plasma membrane were disrupted (Fig. 3B, Video 2) . Significantly fewer beads were displaced or detached from the cell surface of Ncad/FGFR cells indicating that the binding strength was higher compared to Ncad cells. The inhibition of the FGFR activity restored bead detachment/displacement level close to the one observed for Ncad cells (Fig. 3C) . For the population of beads that were detached under force, the mean breaking distance was of 28.5 ± 0.9 µm for Ncad cells and 14.3 ± 0.6 µm for Ncad/FGFR cells, respectively. Inhibition of FGFR increased the breaking distance to 21.4 ± 0.9 µm in Ncad/FGFR cells, corresponding to rupture forces of 5.9 ± 0.1 nN, 7.3 ± 0.1 nN and 6.5 ± 0.1nN, respectively. Thus, FGFR1 and its kinase activity increase the mechanical resistance of N-cadherin adhesion.
N-cadherin and FGFR1 interaction promotes FGFR1 activation
We described so far the effects of FGFR1 on N-cadherin-mediated adhesion and migration, both requiring the kinase activity of the receptor although no exogenous FGF ligand was added. Furthermore, FGFR1 and N-cadherin co-localised and co-stabilised at the cadherin-mediated cell contacts. Therefore, we hypothesised that the increased residence of FGFR at cell-cell contacts induced by N-cadherin-mediated adhesion could induce an activation of the receptor relying on direct interaction of these two proteins, as previously reported in neuronal cells 4 . To confirm this hypothesis, the level of binding of Ncad-Fc to immobilised FGFR1 extracellular domain was measured using an optical biosensor. Results showed a direct interaction between N-cadherin and FGFR1 ectodomain with an affinity, calculated from the kinetic parameters of the interaction, of 106 ± 25 nM) ( Fig. 4A and Suppl. Table I) . This interaction was confirmed by co-immunoprecipitation of GFP-FGFR1 9 from protein extracts of HEK cells co-expressing the two proteins (Fig. 4B) . The coprecipitation was strongly reduced when FGFR kinase activity was inhibited.
Then, we tested whether N-cadherin could induce FGFR activation in the absence of exogenous FGF. Our results revealed that FGFR1 phosphorylation was significantly increased in Ncad/FGFR cells compared to cells only expressing FGFR1 (Fig. 4C) . To further provide evidence that FGFR1 was activated by N-cadherin-mediated adhesion, we probed the activation of Erk1/2, a well-known downstream effector of FGFR signalling, following Ca 2+ switch in C2C12 cells that express endogenous N-cadherin 18 and FGFRs 32 (Fig. S4 ). Addition of Ca 2+ for 10 minutes to Ca 2+ -depleted cells significantly increased Erk1/2 phosphorylation in the absence, but not in the presence of the FGFR inhibitor, strongly suggesting that Ncadherin engagement triggers the activation of the FGFR1. Altogether our results suggest a two-way communication between FGFR1 and N-cadherin resulting from their direct interaction. The stabilisation of FGFR1 by N-cadherin at cell-cell contacts allows its activation. The activation of FGFR1 could in turn increase junctional N-cadherin stabilisation, responsible for the observed strengthening of N-cadherin-mediated cell adhesion and reduction of N-cadherin-dependent cell migration.
FGFR1 stabilises N-cadherin at the plasma membrane through downregulation of endocytosis.
To determine whether FGFR1 expression also increases N-cadherin prevalence at the plasma membrane, we performed cell surface biotinylation on Ncad and Ncad/FGFR HEK cells. The fraction of cell surface exposed biotin-labelled N-cadherin was significantly higher in Ncad/FGFR cells than in Ncad cells. It was strongly decreased in Ncad/FGFR cells following treatment with the FGFR inhibitor ( Fig. 5A) . Thus, FGFR1 favours the accumulation of N-cadherin at the plasma membrane in a process depending on its kinase activity. A first hint on the way FGFR1 may regulate N-cadherin availability at the cell surface was given by imaging DsRed-Ncad and analysing its distribution in Ncad or Ncad/FGFR cells thanks to flow cytometry imaging (Fig. 5B) . Accordingly, when imaging DsRed-Ncad in cells migrating on fibronectin-coated lines (Video 3), we observed Ncadherin vesicles trafficking from the leading edge to the rear of the cells. These vesicles were more prominent in Ncad than in Ncad/FGFR cells, suggesting that the trafficking of Ncadherin was reduced in the latter (Fig. 5C ). We thus questioned the role of endocytosis in the 1 0 regulation of cell surface N-cadherin by FGFR1 by quantifying N-cadherin endocytosis following the internalisation of biotinylated cell surface proteins (Fig. 5D, Fig. S5 ). The Ncadherin endocytic pool was significant reduced in Ncad/FGFR cells compared to Ncad cells.
This effect was significantly reduced in the presence of FGFR inhibitor, although the inhibition was far from complete (Fig. S5) . Moreover, treatment of Ncad and Ncad/FGFR cells with hydroxyl-dynasore, an endocytosis inhibitor decreased the fraction of endocytosed N-cadherin in Ncad cells to levels measured for Ncad/FGFR cells (Fig. 5D) . These data support the notion that FGFR1 upregulates N-cadherin prevalence at the plasma membrane by inhibiting its endocytosis, a process that could contribute to the reinforcement of N-cadherinmediated cell contacts.
The effects of FGFR1 on N-cadherin-mediated adhesion and migration involves p120
p120 has been reported to stabilise cadherins at cell-cell contacts by regulating their trafficking 24 either to the plasma membrane 7 or from the plasma membrane to endocytic compartments 12, 78 . In particular, it would do so by binding and masking an endocytic signal conserved in classical cadherins 50 . We thus asked whether the interaction of N-cadherin with p120 was involved in the regulation of N-cadherin endocytosis by FGFR1. First, we measured the intensity of GFP-p120 fluorescence along Ncad or Ncad/FGFR cells in contact (doublets).
The results showed an increased recruitment of GFP-p120 at cell-cell contacts in Ncad/FGFR cells compared to Ncad cells (Fig. 6A) . Then, to test the implication of p120, we coexpressed FP tagged FGFR1 and the NcadAAA mutant. The AAA mutation at position 764 in Ecadherin 68 and N-cadherin 69 was described to impair their binding to p120. FRAP experiments on Ncad/FGFR and NcadAAA/FGFR cells revealed that the mobile fraction of the mutated N-cadherin was significantly higher than that of the wild type molecule (Fig. 6B ), suggesting that the binding of p120 to N-cadherin was involved in the stabilisation of Ncadherin induced by FGFR1. To test whether the ability of N-cadherin to bind p120 also affects N-cadherin-mediated cell migration, we compared the migration of Ncad/FGFR and NcadAAA/FGFR cells (Fig. 6C , D and Video 4). NcadAAA/FGFR cells displayed reduced spreading areas and increased migration speeds compared to Ncad/FGFR cells (Fig. 6C) .
They migrated at a speed very similar to the one of Ncad cells (see Fig 1D) . Interestingly, the mutation drastically reduced the propensity of N-cadherin to interact with FGFR1 ( Fig. S6 ).
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Thus, preventing the binding of N-cadherin to p120 strongly inhibits the junctional Ncadherin stabilisation and the single cell migration inhibition induced by FGFR1.
Next, we analysed the expression levels of p120 in Ncad, FGFR and Ncad/FGFR cells ( Fig. S7A) . However, the cellular levels of p120 were not significantly affected by the expression of FGFR1. The N-terminal phosphorylation domain of p120, containing tyrosine residues phosphorylated by Src family kinases, has been reported to regulate negatively Ncadherin stability at the plasma membrane 24, 34, 40 . We thus analysed the phosphorylation on Y228 of p120 ( Fig. S7B ). However, no significant effect of FGFR1 on the phosphorylation of p120 on this site was observed. Thus, although p120 has been reported as a substrate of Src 27, 40 , itself a well-known downstream target of FGFR1 60, 80 , the involvement of p120 in regulating N-cadherin trafficking upon FGFR1 may not rely on a Src-dependent tyrosine phosphorylation pathway. Accordingly, Src inhibition by PP2 had no effect on the level of p120 phosphorylation on Y228 in Ncad/FGFR cells (Fig. S7B) .
The effects of FGFR1 on N-cadherin-mediated adhesion and migration involve Src family kinases
We then investigated the levels of Src activation in N-cadherin immunocomplexes in Ncad and Ncad/FGFR cells (Fig. 7A ). FGFR1 expression led to an increase of the phosphorylation in the Src catalytic domain, while FGFR inhibition prevented this increase, suggesting that FGFR1 kinase activity is responsible for the increase in activated Src associated to N-cadherin. In order to determine the involvement of Src in the stabilisation of N-cadherin-mediated adhesion induced by FGFR1 expression, we analysed the effect of Src inhibition on the mobility of junctional N-cadherin. FRAP experiments revealed that the inhibition of Src by PP2 restored high levels of mobile junctional N-cadherin in Ncad/FGFR cells, comparable to those found in cells that do not express the receptor (Fig. 7B ). When Ncad/FGFR cells were submitted to the single cell migration assay on N-cadherin in the presence of PP2 they displayed a strong stimulation of their migration properties with a mean 
FGFR1 stiffens the anchoring of N-cadherin to actin network
The anchoring of cadherins to actomyosin has been reported as a major mechanosignalling leading to cell-cell contact reinforcement and neuronal cell migration 19, 46 To mimic N-cadherin-dependent neural or cancer cells migration over neighbouring cells, we set up a model system of isolated N-cadherin or N-cadherin/FGFR1 expressing cells migrating on recombinant N-cadherin-coated lines. We describe here a complex interplay between N-cadherin engagement and FGFR1 activation positively regulating the strength of cell-cell adhesion and decreasing cell migration on N-cadherin, which occurs in the absence of added FGF. FGFR1 expression dramatically blocked N-cadherin-dependent single cell migration. This inhibition was associated to an increased cell spreading due to a strengthening of N-cadherin-mediated adhesion. FGFR1 led to the reinforcement of N-cadherin adhesion as demonstrated by the increased recruitment and stabilisation of junctional N-cadherin. We do not know whether FGFR1 regulates directly the "cis"-or "trans"-clustering of N-cadherin that may affect its stability at the plasma membrane 46 . However, this stabilisation was associated to an increased resistance of cell-cell contacts to calcium depletion, to an increase in the coupling of cadherin complexes to the actin treadmilling and to a rise in the mechanical strength of cell contacts. The rupture force of N-cadherin-mediated bead-cell contacts measured here was in the same range than those reported for doublets of N-cadherin expressing S180 cells (7.7 ± 1.4 nN) 9 . This rupture force was significantly increased by FGFR1 expression.
Altogether, our data strongly support the hypothesis that FGFR1 blocks cell migration on N-cadherin by strengthening N-cadherin adhesion. This behaviour is reminiscent of the reported biphasic relationship between cell migration of cells on fibronectin and the strength of integrin mediated cell-substratum adhesion 53, 55 . Cell migration is enhanced with increasing adhesion up to a threshold, above which further increases in adhesion acts to the detriment of migration. Accordingly, cells expressing only N-cadherin were poorly spread and supported cycles of both adhesion and deadhesion, allowing them to migrate and invert their polarity 1 4
whereas cells expressing also FGFR1 remained tightly spread on the cadherin-coated substrate preventing migration. Pharmacological treatments altering actin polymerisation and actomyosin contraction, which destabilise cadherin adhesions 46 , blocked the migration of Ncadherin expressing cells, but stimulated the migration of cells expressing FGFR1. By analogy, the positive effect of FGFR signalling on the migration of neuronal cell growth cones 4, 77 may be related to the intrinsic weak adhesion of neuronal cells.
The cellular responses reported in this study, including the regulation of N-cadherin stability at the plasma membrane and of the mechanocoupling between N-cadherin and actin require the receptor activation. Although we cannot exclude that FGFR1 could be activated by FGFs endogenously produced by HEK cells, these experiments have all been performed in the absence of exogenous FGF. Thus, we provide evidence that N-cadherin engagement by itself stimulates the activation of FGFR1, in agreement with previous observations made in neuronal cells 4, 72 . The presence of N-cadherin strongly decreases the mobility of junctional FGFR1 suggesting that the receptor was trapped in adhesion complexes. This process is Ncadherin specific, as junctional FGFR1 stabilisation was not observed with E-cadherin. We confirmed by co-immunoprecipitation, but also using purified proteins, that FGFR1 and Ncadherin interact through their extracellular domain. This may be essential for FGFR1 activation; decreasing the mobility of the receptor and/or increasing its local density at cellcell contacts may stimulate its dimerisation and cross phosphorylation.
The sustained activation of FGFR1 significantly increased N-cadherin levels at the plasma membrane. The level of expression of the p120 catenin has been reported to stabilise junctional cadherin by preventing their internalisation 12, 24, 50 . Accordingly, we found that a mutant of N-cadherin impaired for its binding to p120 was not stabilised at cell-cell junctions in FGFR1 expressing cells. Cells expressing this mutated cadherin together with FGFR1 spread poorly on N-cadherin and migrated at high speed. Thus, we propose that p120 is involved in the regulation of N-cadherin stabilisation at cell adhesion sites by FGFR1. It has been reported that the phosphorylation of this catenin may induce its dissociation from cadherin allowing endocytosis of the latter 24 . Thus, the negative effect of FGFR1 on p120 phosphorylation might be a relay to stabilise junctional N-cadherin. However, no changes were observed in the cellular levels of p120 tyrosine phosphorylation upon FGFR1 expression, in agreement with a previous study reporting that mutation of Y228 and other prominent Src-associated p120 phosphorylation sites did not noticeably reduce the ability of E-cadherin to assemble AJs 41 . Alternatively, p120-dependent endocytosis of N-cadherin upon 1 5 FGFR expression may rely on phosphorylation on serine residues, which have been reported to regulate p120 functions 14, 33 . Alternatively, the increased stability of N-cadherin at cell-cell contact may depend by the reported regulatory action of p120 on Rho GTPases activity 1, 52 .
The kinase activity of the receptor was only partially involved in the inhibition of Ncadherin endocytosis. Moreover, the N-cadherin mutant impaired for p120 binding displayed a reduce association to FGFR1, indicating that the regulation of N-cadherin availability at the plasma membrane by FGFR1 involves additional pathways. Accordingly, we unravelled an involvement of Src in the cellular response to FGFR1 expression, which is unrelated to p120. Taken together, these data reveal the existence of a pathway controlled by FGFR1 and N-cadherin and regulating N-cadherin-dependent cell-cell adhesion and cell migration. FGFR1 and N-cadherin are co-recruited and co-stabilised at the cell-cell adhesions. This leads to sustained activation of FGFR1, which in turn promotes N-cadherin accumulation at the plasma membrane, strengthens N-cadherin mediated cell-cell contacts and N-cadherin mechanocoupling to actin. Adhesion between migrating cells and N-cadherin-expressing cellular substrates is increased therefore decreasing cell migration. This mechanism could be used by cancer cells to engraft to the vessel wall or the host tissue. In less adherent cells, such as neurons or for cancer cells in other locations or considering different type of cancer cells, depending on the level of expression of N-cadherin and the dynamics of the actomyosin cytoskeleton, the same pathway may promote cell migration or cell anchoring.
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Materials and Methods
Plasmid constructions
The construct encoding GFP-FGFR1 was constructed as described in supplementary methods using the mousse fgfr1-IIIc full sequence (gift from D. Ornitz, University of Washington).
Cell culture and transfection
HEK 293 (HEK), C2C12, 1205Lu and U2OS cells were grown, transfected and selected, as described in supplementary methods.
Drug treatments
The FGFR kinase activity inhibitor, PD173074 (Sigma, 20 nM final concentration), and the Src family proteins inhibitor, PP2 (Abcam, 100 nM final concentration), were added in the medium 30 minutes prior the beginning and maintain throughout the experiments. Hydroxydynasore (Sigma, 100 nM final concentration) was incubated for 1 hour.
FGFR activation and Ca 2+ switch assay
C2C12 cells cultures were starved in serum-free medium 24 hours and then treated for 5 minutes with 1ng/ml of FGF2 30 . Alternatively, starved cultures were first treated with 4 mM EGTA for 20 minutes and then washed and incubated in the presence of 5 mM of Ca 2+ .
Ncad-Fc line guided cell migration
Guided cell migration on 10 µm wide N-cadherin coated lines was performed as described in supplemental methods, in the absence of exogenously added FGF.
Fluorescence Recovery after Photobleaching
Dual wavelength fluorescence recoveries after photobleaching (FRAP) was performed at 37°C (see supplemental methods) and analysed as reported previously 63 .
Magnetic tweezers
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